Introduction {#s1}
============

The pharmacologic therapy for cardiac resuscitation has not changed dramatically in many years. The last major change was in the guidelines, turning from lidocaine as a first-line antiarrhythmic to the preferred use of amiodarone. Three studies supported the first-line use of amiodarone for the treatment of ventricular tachycardia (VT), or ventricular fibrillation (VF) cardiac arrest. A large study by Dorian and colleagues showed amiodarone superior to lidocaine \[[@R01]\]. One smaller study supported the superiority of intravenous (IV) amiodarone over lidocaine in patients with incessant VT or VF \[[@R02]\]. However it is often forgotten that in a randomized study by Kowey and colleagues \[[@R03]\] another agent, bretylium, was as effective as amiodarone in treating VT/VF.

Bretylium: A Reintroduction {#s2}
===========================

The use of bretylium has been forgotten because the drug has not been available since 1999 due to shortages in supplies of the chemical substance. The drug substance is difficult to make and the requirements for the manufacture of IV products became stricter, both factors combining to make bretylium unavailable in the USA. For these reasons, bretylium was removed from the advanced cardiac life support (ACLS) guidelines in 2000 \[[@R04]\].

However, recently (December 2019) bretylium became available again in the USA. This availability raises the question of how bretylium is to be employed in the pharmacotherapy of cardiac resuscitation. Bretylium was first developed as an antihypertensive agent. Marvin Bacaner, while studying cardiac metabolism and the effect of antiadrenergic drugs by performing cardiac biopsies *in vivo* in animal hearts found that the dogs in his study did not develop VF when treated with bretylium. He stopped his cardiac metabolism studies and went on to study the effect of bretylium \[[@R05]\] as an antiarrhythmic agent.

Bretylium as an antiarrhythmic agent has some unique properties. The drug is known to deplete vesicular stores of catecholamines \[[@R06]\] causing a "chemical like" sympathectomy. Additionally, bretylium causes an increase in the effective refractory period \[[@R07]\] of heart tissue and increases the electrical homogeneity of areas of infarcted as well as normal tissue \[[@R08], [@R9]\]. The increased homogeneity is believed to have an antiarrhythmic effect by reducing the substrate for VT that depends on a reentrant pathway for VT or VF \[[@R10]\]. Electrical heterogeneity of the myocardium, a requisite for VF substrate is modified by bretylium \[[@R11]\]. Bretylium in more recent studies has been found to inhibit the potassium rectifier channel (IKr) \[[@R12]\] and thus prolongs the action potential duration (APD) \[[@R13]\]. This APD prolongation is a mechanism of action similar to amiodarone. Bretylium is effective in increasing the VF threshold in animal models \[[@R14]-[@R16]\], as well as in man \[[@R17]\]. For these reasons, bretylium is an effective treatment for VF and VT \[[@R05], [@R18]\]. Bretylium does have similar properties to amiodarone, while being an antifibrillatory agent. Interestingly, bretylium is the only drug ever approved by the US Food and Drug Administration (FDA) specifically to treat, as well as prevent the occurrence of VF \[[@R19]\].

Bretylium has one major side effect that is derived from its antiadrenergic action. It can cause hypotension, especially orthostatic hypotension. In the randomized trial by Kowey and associates, bretylium caused more hypotension than amiodarone, though hypotension is a problem with both drugs \[[@R03]\]. Hypotension caused by amiodarone or bretylium can be treated with fluid (colloid or crystaloid). The dose Bacaner et al first studied and advocated was 30 mg/kg body weight. At the dose they recommended (30 mg/kg) hypotension was not a significant problem. The 5 mg/kg dose that is recommended in the product label chosen by FDA is reported to cause a significant incidence of hypotension. Studies are needed to determine if Bacaner's observation that a higher dose of bretylium is more effective and causes less hypotension than the recommended 5 mg/kg \[[@R9]\] dose.

Along with the issue of dose-related hypotension, there is also the consideration of dose-related efficacy. Bacaner and colleagues evaluate a higher dose of bretylium than what is currently approved \[[@R9]\]. It was Bacaner's belief that the 30 mg/kg dose of bretylium was more efficacious than the lower dose approved. Thus, any study evaluating the hypothesis of less hypotension at a higher dose should also evaluate the potential increased efficacy using higher doses of bretylium.

Given the long period of time that has elapsed since bretylium has been employed, the question arises as to how bretylium should be reintroduced into clinical practice. It seems prudent to have bretylium available and to employ the recommended doses in the label to treat VT and VF that is not responsive first to shock and then amiodarone. Patients who have not responded well to amiodarone in prior VT/VF episodes, patients on amiodarone who develop VT/VF and patients in persistent VF despite maximum shock therapy should be considered for first-line bretylium. While we do not have data, it seems reasonable to consider bretylium for patients in electrical storm and those patients with electrical storm secondary to defibrillator implant. Bretylium appears uniquely effective in patients in VF, raising the VF threshold.

Antiarrhythmic Drugs in Resuscitation {#s3}
=====================================

Currently, there is considerable controversy surrounding the usefulness of antiarrhythmic therapy. Mcleod and colleagues reported a network meta-analysis, and found no drug improved the rate of hospital discharge in patients who underwent a cardiac arrest \[[@R20]\]. They reported that lidocaine and amiodarone were not effective in improving survival to hospital discharge. This is an often-stated criticism of antiarrhythmic therapy that the drugs do not prolong life. However, this criticism fails to take into account the multi-factorial issues related to discharge survival, or to overall survival. Antiarrhythmic drugs are employed to terminate VT or VF, or to facilitate shock-resistant termination of VT/VF but do not address the underlying cause of the VT/VF, and thus may not affect discharge or outcome. Antiarrhythmic agents do not address ischemia, myocardial infarction damage to heart muscle, heart failure, electrical heterogeneity, brain ischemia, or a host of other causes of acute life-threatening arrhythmias. The antiarrhythmic drugs can terminate an arrhythmia, but the underlying condition that precipitated the arrhythmia often is not affected and these conditions lead to the patient's mortality.

Additionally, VT/VF arrest leads to significant hypoxia that can severely damage the brain, heart and other critical organs. The length of time that the patient is hypotensive or pulseless directly relates (inversely) to survival. Those efforts to accelerate response times to treat arrhythmias and therapies to treat hypoxic organ damage are critical. Antiarrhythmic drugs are only one link in the chain of survival. However, if one cannot terminate the arrhythmia then there is no hope for patient survival. Antiarrhythmic agents' success is the initial requisite for patient survival. Metrics such as survival to discharge, 6- or 12-months survival depend on a multitude of factors.

There are reports that recently showed that lidocaine is as effective, or more effective than amiodarone \[[@R21], [@R22]\]. However, those who have been called to treat resistant arrhythmias in clinical situations and had extensive experience prior to the availability of amiodarone are aware of the inefficacy of lidocaine as compared to amiodarone. It may be that in the studies and meta-analysis, the prolonged response times for out-of-hospital arrest makes a distinction between the agents in terms of arrhythmia termination efficacy impossible.

Early studies have shown amiodarone to be superior to lidocaine \[[@R01], [@R02]\], and Bretylium to be equally effective as amiodarone \[[@R03]\]. Bretylium increased survival to hospital admission in two studies with bretylium compared to control therapy \[[@R23], [@R24]\], and when combined in a meta-analysis \[[@R25]\] significantly improved survival to admission, but not to hospital discharge, as is the case with other antiarrhythmics \[[@R20]\].

Future Research Directions {#s4}
==========================

A future study of clinical import would be to compare a higher bretylium dose of 30 mg/kg to the effects of amiodarone in all VT/VF patients, or in amiodarone-resistant VT/VF population. It would also be informative to randomize patients to 5 vs. 30 mg/kg bretylium. Until we have more information on this old drug, using bretylium as a second-line therapy seems appropriate.

To improve patient survival, we need to find ways to reduce the time to resuscitation. In very high-risk groups, implantation of a defibrillator has markedly improved survival. The defibrillator treats the arrhythmia with shock almost instantly and thus short periods of time to VT/VF termination clearly prolongs life \[[@R26]-[@R28]\]. However, we cannot treat effectively those we do not identify as high risk, and we cannot implant a defibrillator in the majority of patients making this approach untenable. We need new approaches to identify at-risk patients for VT/VF. Additionally, therapies to protect the brain and heart are needed that can enhance survival. Cooling therapy has not succeeded \[[@R29]\], as well as various pharmacologic agents to modify ischemic injury \[[@R30]-[@R32]\]. Research in these areas is very much needed to help in the quest to improve survival.
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